Supplementary Figure S1 Supplementary Note 1 At high bias a significant current density is injected in the generator. This leads to enhancement of nonequilibrium QP population, which according to the self-consistency equation leads to suppression of the energy gap in the generator mesa. The larger the injected current -the smaller the gap. In experiment this leads to back-bending of the I-V of the generator at the sum-gap knee, see Fig. 2a and loopy features at the sum-gap peaks in Fig. 4d ,e. The effect is also seen in theoretical curves in Fig. 2d where the energy is normalized by the equilibrium gap ∆ 0 . It is seen that the recombination band starts from 2∆ < 2∆ 0 (more details are discussed in Ref. 19) . On the other hand, in detectors the gap is not equally much affected and is close to the equilibrium gap ∆ 0 . As a result gaps in the generator and the detector become unequal at a large bias in the generator. In order to cause an extra depairing in the detector, the maximum relaxation boson energy eV gen /N −2∆ should reach 2∆ 0 . This occurs at eV gen /N = 2∆ + 2∆ 0 > 4∆. That is why the secondary dip/upturn in the detector response in Fig. 2c occurs slightly above eV gen /N = 4∆, where ∆ < ∆ 0 is the effective gap in the generator. We note that the nonequilibrium gap suppression is not a simple self-heating of the mesa because the corresponding quasiparticle distribution is not FermiDirac. Furthermore, since current is flowing from one electrode to another, strictly speaking the first electrode would be cooled (have less excited quasiparticles than at the equilibrium bath T ) while the second would be heated.
Supplementary Note 2
Simulations, presented in Figs. 2d-f are made for conventional s-wave superconductors. In experiment, Figs. 2b and 3e,f the detector response appears less abruptly at eV gen /N = 2∆. Such a smearing at low bias is due to the d-wave symmetry of the order parameter in cuprates. In order to understand qualitatively the effect of smearing, we note that the number of generated Ω = 2∆ bosons is roughly proportional to the quasiparticle current, as seen from comparison of the I-V curve in the inset of Fig. 2e with the corresponding boson number in the main panel. Therefore, the main smearing effect, compared to s-wave simulations, comes from a more gradual increase of the sub-gap current in the d-wave case.
The single QP tunneling current is given by:
where E is the energy of the QP, ϕ 1,2 are the angles in the momentum space of the initial and the final state of the QP, t(ϕ 1 , ϕ 2 ) is the angular dependent tunneling matrix element, and ρ(E, ϕ 1 ) ρ(E + eV, ϕ 2 ) are the corresponding QP DoS. From Eq. (S1) it is seen that the QP current crucially depends on the relation between ϕ 1 and ϕ 2 , which in turn depends both on the coherence (momentum conservation) and the directionality (angular dependence of the matrix element) of tunneling. Supplementary Figure S1 shows numerically simulated I-V characteristics for different single QP tunneling scenarios. We assumed, t(ϕ 1 , ϕ 2 ) = const. for incoherent-nondirectional, t(ϕ 1 , ϕ 2 ) ∝ δ(ϕ 1 − ϕ 2 ) for coherent-nondirectional and
The simulations were made for ∆(ϕ = 0) = 35 meV, at low T and small depairing Γ ∆(0). Detailed discussion of simulations can be found in the supplementary material to Ref. 37. It is seen that in the s-wave case the current appears abruptly above the sum-gap voltage eV = 2∆. In the d-wave case, irrespective of scenario, the sub-gap current grows gradually with increasing bias. However, the value of the sub-gap current and the sharpness of the sum-gap kink in the I-V are strongly affected by coherence and directionality of tunneling. Our data are most consistent with the coherent and directional d-wave tunneling scenario.
Supplementary Note 3
The relaxation time 1-20 ps deduced from optical pump-probe experiments on Bi-2212 represents the quasiparticle relaxation time due to emission of bosons. Our experiment first of all depends on the boson relaxation time. In principle QP and boson relaxation times may be different because in the considered case QP's may relax (inelastically) only by emission of bosons, while bosons may relax both via scattering on QP's and other bosons (e.g. high energy phonons may decay into low energy phonons due to anharmonicity). In the standard electron-boson scattering formalism described above, QPs decay by emission of bosons and bosons decay only due to absorption by QPs. In this case the boson and the QP relaxation times are characterized by one and the same electron-boson relaxation time. Taking into account boson-boson scattering, it may be anticipated that the bosonic relaxation time can be somewhat shorter than the QP relaxation time, but it is unlikely that it could be much longer than the quasiparticle relaxation time. Therefore, we can safely preclude involvement of phonons in the detected signal because their contribution would require 2-3 orders of magnitude longer relaxation times. 
